The method of differential display developed by Liang and Pardee (10) has gained a large audience and is now the method of choice to quickly identify and isolate differentially expressed genes in several experimental systems. The method is powerful because of its inherent simplicity, and it allows the simultaneous comparison of up-and down-regulated genes with small amounts of raw material. Nevertheless, several vulnerable spots have been identified in recent years. Most criticisms concerned false positives generated by the polymerase chain reaction (PCR) step (9) . In addition, the identification of differentially expressed genes remains tedious and limited by the fact that the amplified cDNA fragment generally corresponds to the trailer region of mRNA. Additional difficulties are: (i)the contamination of bands recovered from the display gel by heterogeneous sequences (1) and (ii) the strong bias in favor of the abundant mRNAs (2) . For these reasons, many authors have attempted to improve the method, either through different primer designs (19, 20) or by adapting techniques for faster confirmation of differential gene expression (13, 19) and developing methodologies for easier identification of true positives (3, 11) . The use of longer primers instead of the original 10-mers has been proposed to increase the specificity and reproducibility of the method (4, 10, 20) by favoring more specific hybridization in the PCR. This technique integrates the principles of differential display with those of RNA fingerprinting by arbitrarily primed PCR (18) . PCR is performed in two steps: (i)a few initial low-stringency cycles allowing minor mispairing between the arbitrary primer and the cDNA template, followed by (ii) several high-stringency PCR cycles favoring perfect matches with the anchored primers.
Inspired by these improvements, we developed a novel primer strategy aimed at facilitating re-amplification, analysis and cloning of the cDNA fragments ( Figure 1A ) in which the main feature is the use of a universal re-amplification primer set. The primers are modified with the addition of a constant region at either end of the product; this is obtained by extending the 5 ′ terminus of the oligo(dT) primers (DLP) and the arbitrary primer (XAp) (Life Technologies, Basel, Switzerland) with about one half of the T7 promoter ( Figure 1A , f) and one half of the SP6 RNA polymerase promoter ( Figure 1A, a) promoter sequences ( Figure 1A , A and F) will prime within these constant regions and hence add a functional RNA polymerase promoter into the re-amplified cDNA. Thus, the terminal sequences of re-amplified cDNAs will contain a T7 RNA polymerase promoter ( Figure 1A , F) allowing direct generation of antisense riboprobes for hybridization techniques such as Northern blot, in situ hybridization or ribonuclease protection analysis and an SP6 promoter ( Figure 1A , A) for sense RNA synthesis (e.g., to be used as control). This configuration allows variation of the arbitrary and oligo(dT) portions in the initial PCR primers while maintaining the same universal re-amplification primer pair. Direct sequencing of reamplified cDNAs without previous cloning is possible, independently of the initial primer combination, by using the same particular primer (XSP6). Whenever cloning is necessary, two restriction sites are located within the arbitrary and oligo(dT) primers ( Figure  1A , b and e, respectively). Two additional restriction sites ( Figure 1A , g and h) are added by the universal re-amplification primers and provide increased flexibility for cloning purposes.
We illustrate the performance of the modified primers using FTO-2B rat hepatoma cells (7) . In this cell line, the tyrosine aminotransferase (TAT) gene expression is induced by glucocorticoids (15, 16) , providing us with a valuable positive control for mRNA display. Therefore, in addition to the normal arbitrary primers, we designed two others (XTAT1 and XTAT2) with the arbitrary portions substituted by sequences specifically priming at defined locations in the TAT gene ( Figure 1B) . The rat TAT gene has two polyadenylation signals (pA1 and pA2, in which pA2 is more frequently used) generating RNAs of different lengths ( Figure 1B) . Because the distance between the exact polyadenylate tail addition point and the polyadenylation signal may vary (17) , in a differential display reverse transcription (DDRT)-PCR experiment the TAT gene signal is not expected to be found in any particular 3 ′ primer set.
The results of differential display performed with XTAT1 and XTAT2 primers are shown in Figure 2A (experimental conditions given in the legend). Effect exerted by dexamethasone may be up-regulation (+), down-regulation (-) or no change (0). Lane numbers given in the first column are according to Figure 2A . Nonchanging bands (0) were included as negative controls. Figure 2 . Differential display of mRNA from FTO-2B rat hepatoma cells after dexamethasone treatment. Cells were cultured in Dulbecco's modified Eagle medium (DMEM) with 10% fetal calf serum and treated with 0.5 µ M dexamethasone (Sigma Chemie, Buchs, Switzerland). Total RNA was extracted 48 h after addition of dexamethasone. Control RNA was extracted from untreated cells grown under identical conditions. After DNase I treatment (Sigma Chemie), 2 µ g total RNA were reverse-transcribed with the oligo(dT) primer sets DLP1-DLP4 according to Liang and Pardee (10) . Subsequent PCR was performed with the same sets of oligo(dT) primers in addition to arbitrary primers XAp1-XAp20 or targeted primers XTAT1 and XTAT2. In some cases, primer combinations used DLPAG and DLPAT (particular components of the DLP1 and DLP4 sets, respectively) as oligo(dT) primers, as indicated. PCR was performed as follows: five cycles at low stringency (94°C for 60 s, 40°C for 120 s, 72°C for 60 s) followed by 35 cycles at high stringency (94°C for 45 s, 56°C for 60 s, 72°C for 60 s) on a Biometra TRIO™thermal cycler (Biolabo, Châtel-St.-Denis, Switzerland). A typical PCR was carried out in a 20-µ L final volume with the following final reagent concentrations: 2 µ M dNTPs, 1 µ M 3 ′ anchor primer, 1 µ M arbitrary primer and 1 mM MgCl 2 . cDNA (1/50 of that obtained from an RT), 1-2 µ Ci [ α -32 P]dATP at 3000 Ci/mmol (Hartmann Analytic, Braunschweig, Germany) and 1.5 U Taq DNA polymerase (Life Technologies, Gaithersburg, MD, USA) were used for each PCR. Reaction products were resolved on 6% denaturing sequencing gels that were dried and exposed to Fuji X-ray film (Wahl ExImpo AG, Gams, Switzerland) overnight. Excised gel slices were rehydrated in 100 µ L 1 × TE buffer (100 mM Tris, pH 7. Two TAT-specific primers were used in combination with either four sets of DLP primers or with two separate DLPs (DLPAG and DLPAT). From whole display, bands corresponding to 14 up-regulated and 2 unchanged signals ( Figure 2 , A and B, circled, and Table 1 ) were re-amplified with primers XSP6 and BT7 and sequenced directly using primer XSP6. Out of the 14 differentially regulated signals, nine were found to correspond to TAT cDNAs with the approximative length expected from the given primer combinations ( Figure 1B and Table 1 ). The deviation of a few nucleotides from the expected length and the number of signals generated from the same mRNA indicate that poly(A) addition does not happen at a precise distance from the polyadenylation signal. Three other bands were generated from metallothionein I mRNA and another fragment from α 2 -macroglobulin, both of which are genes known to be regulated by glucocorticoids (6, 8, 12, 14) . One band corresponded to a novel gene whose regulated expression was confirmed by reverse Northern blot analysis (data not shown). The reproducibility was tested in a duplicate DDRT-PCR using the same combinations of primers ( Figure  2B ). The differential signals found in the first experiment were reconfirmed, the same for overall display patterns, although the intensity of corresponding signals in the two experiments was not always conserved. These results clearly demonstrate the validity of our modified technique. In particular, the identification of other differentially expressed genes, even with TAT-specific primers, shows that the increased primer length and presence of constant portions in the 5 ′ terminus do not impair or limit the priming ability. Primer specificity is determined by the last 3 ′ nucleotides in the primer. Moreover, the reliability of the method is greatly improved by a small percentage of false positives (13 out of 14 differential signals are shown to be true positives by sequence analysis). DDRT-PCR was also performed with arbitrary primers XAp1-XAp20 in combination with DLP1-DLP4. Figure 2C displays examples of the patterns generated with XAp7-XAp12. XAp11 patterns are presented in duplicate ( Figure 2B , lanes 17-24, and 2C) to emphasize again the reproducibility of the method. In the patterns partially shown in Figure 2C , 23 differential signals (12 up-and 11 down-regulated cDNAs) were found, and the identification of these fragments is currently in progress. Thus, differential display done with these arbitrary primers gave the usual patterns, including differentially expressed bands, excluding that our initial result with the primers XTAT1 and XTAT2 would be conditioned by the primer choice. This documents that our primer strategy does not impair, but actually improves, the initial strategy by Liang and Pardee. First, the use of universal re-amplification primers greatly facilitates and speeds up practical work. Second, the new primer design allows direct preparation of riboprobes for downstream analysis of re-amplified cDNAs and permits flexible cloning of fragments whenever required and direct sequencing with a unique primer.
